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ABSTRACT

Particulate penetration into the USNRDL experimental shelter via
the ventilation system operating without filters was determined as a
function of particle size. Relatively good agreement was found with the
small amount of applicable Shot Small Boy data. Estimates of the dose
within & shelter due to particulate penetration and deposit (ingress
dose) were mede using values of fallout model parameters for weapon
yields of 100 to 100,000 KT (assuming 100 % fission). Ingress doses
are presented es a function of particle size and downwind distance sc
that the particle sizes of importance may be determined for any given
acceptable ingress dose.



SUMMARY

Problem

Fallout carried into a shelter via the shelter ventilation system
becomes one of several sources of shelter radiation dose. Estimates of
these doses are required to assess the hazard and thus determine require-
ments for ventilation countermeasures. Countermeasure specifications
must then be developed to meet these requirements.

Particle transport into a shelter via a ventilation system is a
function of partiecle physical characteristics: size, specific gravity,
and shape; and ventilation system characteristies: air volume rete, air
velocities, and air path. The resulting dose is a function of: time of
exposure, amount and disposition of the particles in the shelter, and
fallout radiological characteristics such as specific activity and decay.

The specific problems of concern in this report were (l the determi-
nation of particulate peretration into the USNRDL experimental 100Q-mai.
shelter via the ventilation system as & function of perticle size, and
(2) the estimation of ingress doses as & function of particle size to
serve as a hasis for determining particle sizes of significance to the
ingress problem.

Findings

A relation between mass per unit area deposited outside and mass
penetrating the shelter ventilation intekes was determined experimentally
as a function of particle size, using several narrow size ranges of
either glass beads or sand.

Particle penetration by the largest size range (500 to 700 u)
appeared to be due principally to bounce-in rather then entrairment by
the air stream. Otherwise, penetraticn of intakes is an inverse function
of particle size and a straight line was the best fit to a log-log plot
of the data. Relatively good agreement was found with the small amount
of applicable Shot Small Boy data.
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Ingress dogse was estimated as a function of mid-range particle size
(if d; and d, = largest ans smallest particle size respectively, then
d + do/2 = mid renge particle size) and as a function of downwind dis-
tance for weapon yields of 100 KT to 100,000 KT (100 % fission yield),
using the experimentel data and a simplified mathematical fallout model.
A '"worst case" was used for penetration to cover uncertainties in the
data and assumptions necessary in the estimating technique. For thils
purpose it was assumed that all of the fallout penetrating the ventila-
tlon intekes was deposited in the shelter living area, though there is

_evidence that as little as 50 percent may reach the living area, the

remalnder being deposited on the steps and landing of the entrance. The
maximm estimated ingress dose was 11.8 r at 167 miles dowrwind from &

~ 100,000~KT detonation.

An acceptable ingress dose, or the lower limit of significant in-
gress dose, can be used to determine the particle sizes of importance.
An example i1s given in discussing the curves presented.

Dose estimates are limlted to the shelter and ventilation system
design for which date were obteined; and also to fallout model conditions

"~ for single-weapon detonations and 15-mph winds at all altitudes. If °

dose estimates are needed for other ventilation or fallout conditions,
this report may be useful as & basis for planning and improving experi-

‘mental and estimating techniques.: :

i1
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

Shelter ingress studies were first conducted at Operation FLUMBBOB,
1958.1 A buried shelter was ventilated at a rate of 600 cfm drawing air
from a low=velocity tunnel through two mushroom type intakes at the sides
of the shelter door. The entrance to the tunnel, facing away from ground
zero, was & 30-~ft long underground passsegeway and was entered from ground
level via an open ramp. Air veloclty at the tunnel entrance was approxi-
mately 30 ft/min. Fallout standard intensities (intensity due to total
deposited fallout corrected for decay to r/hr at 1 hr) of 19 and 36 r/hr
were obtained above the shelter, following Shots Diablo and Shasta,
respectively, both 500~-ft tower shots. For the two shots, respectively,
particles as large as i20 and 80 u reached the shelter in detectable
quantities and most were less than 20 or 15 u. It was estimated that
no inhalation hazard would have existed in the shelter and that no fil-
ter would have been necessary and that external¥ dose due to ingress
activity would have been on the order of the dose due to gamma penetra-
tion from fallout deposited over the shelter. However, it was concluded
that the results were not general enough to extrapoiste to other fallout
conditions,

In the summer of 1961 a prototype 100-man underground shelter at
Camp Parks, Californie was used for ventilation ingress tests. A series
of tests using radicactive simulants was run, designed to determine
rartliculate ingress into the shelter via the ventilation system as &
function of partlicle size. At the conclusion of this test series a pro-
posal was made to determine penetration of typilcal shelter ventilation
alr intekes as a function of particle size, fallout mass, intake face
velocity, flow rate, and wind speed. The purpose of this extended scope
was to provide design specifications for ventilation intake fittings and
performance specifications for ventilation filters that might be considered
necessary or desirable.,

*External dose refers to dose due to radiation sources exiernal to the
body. Dose due to radiation sources within the body as the result of
ingestion or inhalation is called internal dose.
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A second test series using non-radiocsctive simulants was run on the
shelter, during January 1962, to test the uniformity of simulant dis-
persion above the ventilation air intakes.

Shot Small Boy ventilation ingress testsz’were designed to deter-
mine particulate penetration of air intakes as & function of particle
size and intake face velocity. At each of six downwind locations a
flow rate of 43 cfm suitable for a famlly type shelter, was maintained
through each of five intakes. These intakes were 3-inch vertiecal pipes,
four of which were covered with mushroom-type hoods sized to give face
velocities of approximately 22, Lk, 88, and 44O ft/min. The £ifth was
uncovered, and was essentially a combined high-volume air sampler and
small-area fallout collector, with a face veloeity of approximately
1000 ft/min. The principal results obtained were that the activity
collected by the hooded intakes at three downwind locations was 25 %
or less of the activity collected by the open intake at the same loca-
tion. Fifty percent or more of each hooded intake sample activity was
associated with particles smaller than kb p in size and negligible
amounts were assoclated with particles larger than 150 p. Now, the
undertaking of the investigetion reported herein.

1.2 OBJECTIVES

Main purpose of the work, toward which the obJjectives lead:

(a) To determine particulate penetration into and distribution in
the USNRDL experimental shelter due vo operation of the ventilation
system without filters, as a function of particle size.

(b) To estimate the dose in the shelter living area due to parti-
culate deposition, as a function of particle size,

1.3 APPROACH

Deposition of several narrow size ranges of particles within the
shelter and outside the shelter in the vicinity of the air intake fit-
tings was determined experimentelly for a zero wind condition. From
these data a relation of total penetration to mass deposited per unit
area outside was determined for each particle size range. A curve wvas



drawn for these penetration factors as a function of particle size and
compared to several curves derived from comparable data obtained at

Shot Small Boy.

Ingress doses were celeulated using penetration factors for a
"sorst case" (assuming that all of the fallout penetrating the ventila-
tion intakes was deposited in the shelter living area, though there is
evidence that as little as 50 percent may reach the living area, the
remainder being deposited on the steps and landing of the entrance)and
a8 fallout model which relates the parameters of the mid-range of par-
ticle-sizes arriving at a dowmwind location both to the standard inten-
sity and to the half-range of particle sizes, for various weapon yields.
If d; = the largest particle size and dp = the smallest particle size
at a given location then dy-dp = the range, d; + d,/2 = the mid-range
end d;-dp/2 = the half range. Fallout parameter values are for the
dowrwind region of maximmm radiation intensity (hot line) due to & 15-
mph wind at all altitudes. Only those weapon ylelds were considered
which would produce hot-line doses of 50 r or greater.

To provide a means of determining particle sizes of importance to
the shelter ventilation ingress problem, the ingress dose estimates are
pregsented graphically as a function of mid-range particle size. For
any glven lower limit of significant ingress dcse, the corresponding
mid -range particle sizes can be determined from these curves. FMallout
model mid-range perticle slzes are presented as a function of particle
size kalf'-range so that, for the mid-range particle sizes determined as
described abeve, the full range of particle sizes of significance to the
ingress problem can be determined. )

Estimated ingress doses are also presented as a function of downwind
distance to determine the region of interest for the assumed lower limit
of significant ingress dose. Outside doses are presented as a function
of downwind distance for use with known or assumed shielding factors in
calculsting the dose in the shelter due to gamma penetratlon from out-
side. This latter dose plus the ingress dose gives the total shelter
dose vhich may be compared to an acceptable shelter dose. ' Or, for an
acceptable shelter dose and known shielding factor, the acceptable in-
gress dose can be determined and compared to the estimated ingress dose.

The date presented and the ingress dose egtimates with their limita-
tions and assumptions are intended to provide a basis for evaluation of
future needs in the shelter ventilation program.



CHAFIER 2

PROCEDURES

The general plan of this experiment was to disperse fallout in
several narrow size ranges from the top of a tower enclosing the shel-
ter entrance with the ventilation system operating. A mass deposit
level of 200 g/ft was decided upcon as a level that would exceed any
that might be encountered beyond the region of throwout eand stem fall-
out from a land surface detonation of a multimegaton weapon. Since
vwind would affect the air flow characteristics around the inlet venti-
lators, a zero wind veloclty was used. Bach particle size range was
run under three test conditions:

(a) Filters at inlet ventilators to determine material that could
pass the mushroom-headed covers.

(v) Pilters in theilr normal location to determine materlal that
would enter the shelter living area if filters were not present.

(¢) Filters over the exhaust ventilator to determine material that
would pass through the shelter without being deposited.

Deposit samples were taken in representative areas upstream from the
filters to determine the amount of materiel that would deposit in

those locations. Preliminary tests to determine the uniformity of dis-
persion were made using non-active particles. DParticles tagged with
radiolanthanum 140 were used during the tests to measure ingress into
the shelter because this was the only way in which the amount of material
collected on the filters could be determined.

2.1 DESCRIPIION OF SHELTER

The USNRDL expeimental shelter3 is a buried flexible-steel-arch
structure, 25 ft wide by 48 ft long, similar to that used by the Navy
as an ammunition storage magazine.* The base of the shelter is 12 ft

*References 8 and 9 are subsequent reports on development of this
shelter.



below ground level, and 3 ft of earth fill is added over the top roof
line t¢ provide a minimum of 2 £t of earth shielding. Each of 100 shel-~
terees 1s provided with 12 ft2 of area and 117 ft3 of gross volume. The
shelter is equipped to maintain life and basic health for approximately
14 days. The entranceway has a 90° bend to prevent any direct radiation
from entering the shelter. Fresh air is pulled into the shelter by an
electrically driven blower at a rate of 1500 cfm. Figure 2.1 shows the
path followed by the ventilation air into the entranceway, through the
shelter living area, and out the exhaust ventilator.

The ventilation system is designed to minimize the entry of fallout
particles. Intake mushroom covers can be closed when necessary to pro=
vide a blast-tight seal. The gross volume of the shelter 1s such that
the 100 shelterees can exist on the air contained inside the shelter
for 3-1/2 hours.

Power for operating the blower is from public utility lines; how-
ever provision to operate from a gescline-driven generator is available.
Since combustion and cooling air required for the operation of this
generator is drawvm in through the same inlet ventilators whieh provide
fresh air for the shelter, the inlet face velocities and entranceway
alr velocity will be approximately doubled when this generator is opera-
ting. All the tests reported here were made without the generator run-
ning. The face velocity across the inlet ventilators was 750 ft/min
and the velocity down the entranceway was approximately 30 f£t/min.

Two 2h-inch by 24-inch MSA Ultre-Aire Particulate Filters, mounted
in normal use. just ahead of the blower at the base of the stairs, £il-
tered all the alr before discharging it through & single diffusor over
the door into the living area (see BECLLUL Cer Jui viies vomws mvesbboo
of filters). The air is mixed in the shelter by natural convection
forces and discharged from the shelter vie the 2-fi-diameter exhaust

vent in the roof of the shelter at the opposite end from the entrance.
2.2 SIMUIANT PREPARATION

The fallout simulant used in these tests was prepared by the same
processes used to prepare simulant for the Target ComplexlL tests., Q(lassy
beads with a specific gravity of 2.6 (approximately that of sandy fall-
out) were used as the particulate because of their ideal spherical shape
and their availability in the 18 to LO-u size range.
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Particles of the desired size range were put into a small (1-1/2
£t3) cement mixer. A solution conteining the desired amount of radio-
lanthanum-140 was atomized on the particles with continuous mixing.
When all the tracer had been added, the mixture was dried by applying
hot air to the outside of the rotating drum. No sodium silicate was
added to affix the tracer to the particles as Tad been done to the
Target Complex simulant, as no water was used during particle recovery
and no possibility of leaching was foreseen.

When the contents of the mixer were dry, they were transferred to
a shielded container and transported to the shelter slte.

2.3 SIMUIANT DISPERSION

The simulant wae poured into a hopper on top of the tower over the
shelter entrance and dispersed as described in 2.6.1. The total amount
of material dispersed in each test run was selected on the basis of a
planned deposit of 200 gm/ft2, assuming all the material deposited uni-
formly over the tower base area. This value was adopted from previous
tests on Roof Washiown’ and was dispersed at a rate of 100 g/fte/hrg

2.4 SAMPIES

Tnterior devosit samples were collected as desoribed in 2.6.3. A
total of 6 samples for each test: four samples on 10-ft centers down
the centerline of the shelter proper in the line of air movement from
supply to exhaust, one semple at the base of the stairway, and one sample
half-way down the stuirs,

The welght dispersed (deposited or available for intake) per unit
aree represents the mass level of the simulated fallout field. Dis-
persion was not uniform over the area at the base of the tower and mass
distribution varied for each particle size range used. Therefore it
was necessary to determine the weilght dispersed in the viclinity of the
intakes to represent the fallout field msss level. For this purpose,
samples were teken in a grid above, but not over, the intakes on some
test runs., Examination of the data indicated the need for additional
tests which were run subsequently with non-radioactive glass spheres.
Inlet covers were removed and samples were caught in plastic bags taped
to the inside of the inlet pipes. In addition, sample pans lined with
plastic sheets to minimize losses due to bounce, supported in & grid
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above the entrance, were used as in the previous test runs. Similar
tests were run with the inlet covers in place to determine the amount
of particles that would bounce in.

The two shelter filters described in 2.6.2 were used to collect
serosols and were mounted in one of three different locations depending
on the conditions of the test. When they were mounted ingide the air
intekes they measured the total amount of material that entered the
entranceway. When they were mounted in their normal location at the
base of the stairs they measured the material that had not deposited
in the entranceway and was available to enter the shelter proper. When
they were mounted over the air exhaust vent they measured the material
that failed to deposit in the shelter and was carried out in the air
stream.

2.5 METHODS OF SAMPIE ANALYSIS

Samples of the radioactive simulant used in each test were counted

- to determine the specific activity, using the equipment described in

2.6.4. Fach sample collected during the test was counted, and using
the specific activity, the total mass collected was calculated.

A known emount of activity wes evenly distributed in a clean filw
ter and the whole unit was counted. The counts per unit activity
obtained with this "stendard filter" was used as & calibration factor
to calculate the totAL ACTIVITY COLLIECTEU UN TNOY UBHU LLLuSLDe RLwI-
this, the total mass collected on a Filter could be calcu.‘l.ated when the
specific activity was knowm.

2.6 EXPERIMENTAL EQUIRMENT

2.6.1 Particle Disperser

The equlpment used to disperse the perticles over the shelter
entrance was basically the same as that used in the Roof Washdown
Studies.? A 2h-ft tower with & base area of 64 £t2 was erected over
the entrance to the shelter, as shown in Fig. 2.2, to permit dispersion
of the particles at zero wind velocity. In addition, the tower height
was such that the dlspersed particles reached their terminal settling
veloecity.
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A hopper equipped with a Syntron Vibrator fed the particles at a
fixed rate to a standard send-blasting nozzle which was mounted inside
the top of the tower. The particles disclarged vertically upward from
the nozzle agsinst a lL-in. square rubber plate which deflected the par-
ticles downward, forming a cloud of particles which fell over the shel-

ter entrance.
2.6,2 Filters

The filters used in this experiment weére the seme as those in-
stalled in the original shelter. Two 2hain.? MSA Ultra-Aire Absolute

“Particulate Filters were used for each test. These filters had an

efficiency of 99.97 % for 0.3-p particles of DOP (dioctyl phthalate)

2,6.3 Deposit Collectors

The deposit collectors were merely sheets of Saran with a total
area of 2 £t2 (288 in.2) per sheet. The collectors were sprayed with
oil to form a thin;film which prevented loss cf particles during hand-

ling »

2.6.4 Counting Equipment - . e

The shelter filters were counted in a low-gaometry scintillation
counter which employs a l-in. long x lein. diameter Nal crystal scintil-
lation detector. The detector was mounted in the top of. a 2-in. thick
lead shielded cave with the center of the detector approximately 28 in.

above the center of the shelf used. The vave wmsg lined with wood of
1ns1dc dimznsions AP ahand '3'7 v oR v R AR 4n. A 1\1'nu‘len-r Chi cago Mdlel

e

183 B sceler was coupled to- the detec‘oor wnite -

'I'he deposit samples were counted in either a 4 x tonization
chamber or a deep well scintillation counter, depending on the activity
level. Semples were counted on both 2ounters to obtain a correlation
between counters whenever possible. Haran samplers were rolled and
folded into & l-in., diameter x 1l-in. long package to fit into ‘the coun-
ters and prevent scmple handling losses. o

The 4 n ionization chamber was en argon filled (600 psig at T70°F)
steel chamber 11 in. in diameter x 14 in. high. It wasg shielded with
3 in. of lead and has & re-entrant sample thimble 1-3/4 in. x I.D. ¥
12 in. deep. Current produced in the chamber by ionizing radiation was
applied to suilteble lcad resistors. The resultant voltage drop drove
a plate difference amplifier and was read out on & microammeter.

10



The deep well crystal counter is a 3-in. Nal crystal with a re-
cess for a 100-ml lusteroid test tube, was lead shielded, and was
operated with a Nucleer Chicago Model 182 power supply and & Berkeley
Digital Scanner, Model 15565.

1l
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CHATTER 3

RESULTS AND DISCUSSION

3.1 TEST RESULTS

The total amount of material deposited in each shelter component
was estimated from one sample on the stairs, one on the landing, and
four in the shelter living area. In the latter, the four samples were
uniform for cach test run. : B

The estimated deposits and filter collectlons are presented in
Table 3.1 by particle size ranges. A mass median dlameter is glven
T'or each particle size range based on sieve analyses presented in Figs.
3.1 and 3.2. The weight dlspersed per unit area in the vicinity of the
intakes was not memsured on all test runs. Where given as a plain fig-
ure, the welght was derived from a sample taken on that run; where
given in parentheses the weight is from a gsample taken on a similar run.

Where weights and a range (+) are given, they are the average of sample%

from four test runs made to - test the uniformity of dispersion at the

am Ve camoeaded W 4
UHJL. W uuc \I.L::j_lc;.l. a.l.u;, uun\..n. .n.-_u. S Cas ;.:-u —— WD 3‘.“:‘.‘}\ m"‘"'”

weights were used where no similar data was available.

The last two columns give the total penetration, which is the sum
of estimated deposits and filter collections, and a penetration factor
which 1s the ratio of the total weight penetrating the intakes to the
specific weight (g/£t2) deposited outside. Implicit in this factor is
the assumption that penetration is directly proportional to the specific
velght of material deposited in the viecinity of the intakes for a given
particle size range.

Note that penetration decreases as particle size increases up to a
mass median diameter of 300 p. Inside deposits were very heavy for the
smallest particle size (18-40 p), giving the appearance of a uniform
snow cover, while for the larger particle sizes no deposit was visible.
However, it appears that particle bounce-in increases with particle
size., I% is not a factor below about 350 p but might be the principal
factor causing penetration of particles in the 500-700 u range and

12
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PARTICLE DIAMETER ( MICRONS)

NRDL 351-64

1000
800
600 }_
//J
400
A=
BT
| 2T -
] e
Lyon
—"?"
R/ 1 ~
200 /
O 350-600 1 RANGE
] |77'350[LL RANGE
MASS MEDIAN
PARTICLE DIAMETER
100 :
o] 20 40 60 80 100

WEIGHT PERCENT LESS THAN STATED SIiZE

Fig. 3.1 Sieve Analyses of Sand
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assumedly for larger perticles. Bounce-in is due to the particular
geometry of the entrance cover and intake design.

The fraction of the total penetration that was found in the shelter
living area or the shelter filter, assuming that the latter sample would
have been transported into the shelter had no fiiter been in place, was
on the order of 50 % of the total for particles less than 350 u; and for
the two test runs of the 500-700 p range was 15 and 35 %. However, for
the 350-600 W range, 75 % of the total was found in the shelter filter
on two test runs, and 42 % was deposited in the shelter on & third test
run. A fourth test run shows almost no deposit in the shelter but 50 %
of the total was found in the exhaust filter. This inconsistency end
others are undoubtedly the result of inaccuracies inherent in low count-
ing rates and the poor representation of an area by & single sample when
deposits were very light.

3.2 PENETRATION AS A FUNCTION OF RARTICLE SIZE

The factor of penetration weight to outside unit area deposit weight
was plotted on log~log paper as a function of particle size (using the
mass median diameter of each particle size range) and a "best fit" line
was drawn through the points as shown in Fig. 3.3. The curve shown
apparently does not include the effect of bounce-in for the largest
prarticle size but may be a reasoneble approximation of penetration due
+A adr moavement of varticiea.

Total penetration has been presented so that it may be used for a
comparison with Small Boy deta and hecause it is intended for use in
estimating dose due to penetration for a "worst case". The "worst case"
as far as the shelter test data is concerned is based on the assumption
that all of the material penetrating the intakes is deposited within the
shelter living area rather than & fraction of the total (on the order of
50 %) as indicated by most of the data. This sssumption should be ade-
quate to provide estimates of dose which would not be exceeded by an
inerease in penetration due to wind interaction with the intake fittings
(the shelter tests were conducted under a no wind condition) and due to
the emergency generator being in use (see Chapter 2, Section 2.1).
Whether the higher air flow due to generator operation, and hence pene-
tration to the stairs and landing, might also result in higher living
area penetration is a matter of conjecture. There certainly will be
some increase in dose near the shelter door.

16



3.3 COMEARISON WITH SMALL BOY DATA

Some measurenents of penciration of covered intakes were cobtained
at Shot Small Boy. Suriace winds were 5 to 10 mph. The highest intake
Pace velocity was 440 Ft/min with a flow rate of 42.5 cfm, compared to
750 ft/min and 1500 cfm for the shelter tests. Penetration data for
this intake at two locations can be compared to the Camp Parks data,
assuming that penetration is directly proporticnal to flow rate, 1500
_efm and 42.5 cfm, and adjusting the Small Boy data accordingly. The
effect of face velocity differences will be neglected as no proportion=-
ality lactors are known. Penctration will certainly increase with an
increase in face velocity, but the increase may vary with particle size.
Small Boy data were inadequate to determine this effect.

With the above limitations, and the use of Small Boy activity data
instead of weight data (weight data included some pre-shot inactive
material collections), penetration factors for particle size groups and
totals were calculated and are presented in Fig. 3.4 for Small Boy loca-~
tion 203 and Pig. 3.5 for Small Boy location 507. The ratios are for
one intake sample compared with each of three pan collections. The
shelter curve is shown as a dashed line. In spite of the various assump-
tions that went into the comparison of the Small Boy data with that of
the shelter, it is seen that reasonable agreement is achieved.

The particle size groups were taken from cumulative percent sieve
analyses of the samples, and the mid-range of each group was used to
represent the group. Where data was available there was little differ-
Annn hndsraan wnean maddnn Adnmatan ond +ha md A aannn -now(--(n'la adnra FrAn
each group. The use of the mid-range slze permits the use of a single
size to represent both outside and penetration samples when a penetra-
tion factor ls determined. However this could not be done when & factor
is determined for the total samples, as the penetration and outside
samples are very different in the upper limit of range (hence have widely
different mid-range particle sizes) and have a lesser but appreciable
difference in mass median particle sizes. Therefore the penetration
factors for the total samples are represented by lines between the mass
median diameters of the outside and penetration samples. Similarly each
point for a penetration factor curve might be represented by a line if
the shift in particle size distribution between outside and penetration
sample of & group were taken into account. The smaller the range con-
sidered, the more closely would the line approach a point. The data are
not available for such an approach and such & refinement dces not seem
necessary at this time. Note that in each case the curve lies between
the limits of the vertical lines representing the penetration factors
for the total samples.
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The curves for the 507 location, Fig. 3.5, are based on only two
particle size ranges. The upper limit for the penetration sample was
arbitrarily selected as 350 u because 98 % of the fallout collected was
sssociated with particles less than 350 u. It seems probable that 4l to
350 W is too wide a range to provide a direct camparison with the shelter
data and that, if this could be broken into several ranges, the 507
curves might more closely resemble the 203 curves.

3.4 ESTIMATION OF INGRESS DOSE

To assess the significance of fallout penetration into a shelter it
is necessery to estimate the resulting dose. With the high efficlency
filters properly instelled, the dose will be due to radiation from filter
collections and fallout in the entrenceway. However, the question most
often asked is whether filters are necessary and what particle sizes are
most important. Therefore dose estimates as a function of particle size
have been made from the penetration factors obtained in these tests, to-
gether with values of fallout model parameters from Reference 6. The
details of the method of calculating doses is given in Appendlx A. TFall-
out model parameters for a surface burst of various weapon ylelds from
1 XT* to 100,000 KT* ere: standard intensity (intensity due to deposited
fallout correc*ed for decay to r/hr at 1 hr) and downwind distance as &
function of mid-range particle size; and mid-range particle size as a
function of particle size half-range. A mean time of arrivel at downwind
locatlions was determined from the downwind distance and wind speed. It
ig assumed that the total penetration is deposited uniformly over the
floor of the shelter living aree instantaneously at the mean time of
arrival.

The fallout region for which estimates have been made is downwind
along the hot line, the region of maximum radietion intensity, from a
single detonation of & 100 % fission weapon as predicted by Reference 6
for a i5-mph wind at all altitudes.

*Agsuning 100 % fission.

21



3.5 INGRESS DOSE ESTIMATES

These estimates are presented as a function of mid-range particle
size (a fallout model parameter) in Fig. 3.6 (see Appendix A for calcu-
lations) for weapon yields given in Reference 6. The points shown are
ingress doses upon which the curves are based, but they &lso represent
outside doses as indicated by the key. As a basis for determining
particle sizes of importance, it will be assumed that 1 r is the lower
limit of significant ingress dose. Note, however, that the total shel-
ter dose is composed of the ingress dose, plus the dose due to gamma
penetration from fallout deposited over the shelter and from cloud pas-
sage. For a lower limit of 1 r, it will be seen that mid-range perticle
sizes are from 42 to 380 u and that the doses considered are due to
fallout from weapons of yields greater than 2500 KT. The maximum esti-
mated ingress dose is 11.8 r for which the mid-range particle size is

D0 u.

Mid-range particle size as a function of mmlf-range is given in
Fig. 3.7, reproduced from Fig. 2B of Reference 6, to provide a means of
determining the total particle size range of interest. From the 100,000
KT-curve the half-renge is 10 u for a mid-range of 42 u, or a total
range of 32 to 52 p. Similarly for a mid-range of 380 p the total
range is from 85 tc 675 p. Considering 1 r as the lower limit of sig-
nificant ingress dose, the particle sizes of interest range from 32 to
675 n. Note, however, that the total range of 85 to 675 u for the mid-
range of 380 p is too great for the simplifications used in dose egti-
mation due to differences in the times of arrival of the largest and
smallest partlcles. Such large total ranges should be broken up into
several increments and the dose estimated for each increment. The fall-
out model paremeters do not include particle size distribution, and
further assumptions necessary to refine these estimates do not appear
to be warranted at this time. Some compensation for these inadequacies
hes been provided through the use of the total penetration factor, as
mentioned previously.

It is also of interest to determine the region in which significant
ingress doses may occur for the conditions on which these dose estimates
are based. Ingress doses are presented as a function of downwind dise~
tance in Fig. 3.8. For doses of 1 r or greater the region of interest
is from 45 to 540 miles dowrwind. The maximum ingress dose occurs at
167 miles for & weapon yleld of 100,000 KT.
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3.6 TOTAL DOSE INSIDE SHELTER

As mentioned previously the shelter total dose is composed of at
least two principal components: the dose due to the ingress of activity
and the dose due to gamma penetration from fallout deposited over the
shelter. The latter may be calculated from the ocutside dose and a known
or assumed shielding factor. Outside doses were calculated in the pro-
cess of caleulating the ingress dose and are presented in Fig. 3.9 as
a function of downwind distance. These doses range from very low values
(no estimates were made below 50 r) to 75,000 r maximum at 117 miles
downwind for a yield of 100,000 KT. At this location and for a yield
of 100,000 KT, if a ghelter had & shielding factor of 10,000 the dose
due to gamme penetration from outside would be 7.5 r. The ingress dose
would be 9.0 r (Fig. 3.8) and the shelter tctal dose would be 16.5 r,
which may be compared to an acceptable dose. Or given an acceptable
dose and shielding factor, an acceptable ingress dose can be calculated
and compared to the estimated ingress dose for- the weapon yield and
location assumed. Cl

3.7 DISCUSSION

The experimental data, dose estimates, and estimating technique as
developed in this report for the prototype shelter should be useful as
a basis for evaluating future needes in the shelter ventilation ingress
program, ' '

It 18 beyond the scope of this report to determine aﬁ;acceptablﬂ
shelter dose and the proportions of its several components, of which

"the ingress dose is one. The dose estimates presented sfe for external

whole=body dose and no consideration has been given to contact or
ingestion doses. Inhalation dose has not been mentiowed ss the particle
sizes predicted by the fallout model and used experimentally are too
large for retention by the respiratory tract.

Data uncertainties and the assumptions and simplifications neces-
sary to estimate ingress doses dictated the development of a "worst
case". The '"worst case" is based on total penetration as opposed to a
more reallstic case where only about 50 % would be carried into the
living area. The penetration curve represents & best fit by eye to the
data points. It is a poor fit for the largest particle slze groups.
and does not represent maximum values throughout most of its range.
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Uncertainty as to the amount of material dispersed increases from plus
or minus 10 % for the smaller particle sizes to possibly as high as 30 %
for the largest particle sizes. Other uncertainties with respect to
sampling and counting heve been previously discussed. It is estimated
that use of the total penetration is more than adequate to provide a
"worst” case for particle sizes up to 350 w and should be adeguate for
the larger particle sizes where intake penetration is due primarily to
bounce-in, in which case few, if any, particles will reach the shelter

living space.

Note also that the maximum doses are due to large yield weapons
which will have less than 100 % fission and doses would be reduced in
direct proportion to the reduction in fission yleld. However this factor
provides some compensation for wind structures which might increase fall-
out deposition and dose at some loccations.

It was assumed here (as indicated in section 3.l4) that all material
arrived at a single time. One refinement would be to estimate dose-rate
bulld~up based on arrival rate as a function of time.

In summary, the greatest uncertainties in the dose estimates are
associated with large mid-range particle sizes and their concomitant
large ranges of particle sizes., It is expected, however, that refine-
ments in date and dose estimating techniques willl produce little change
in the maximum ingress dose estimates for the conditions for which they
were made.

In evaluating future needs the assumptions and limitations required
to estimate the ingress dose may suggest the need for: additional experi-
mental deta for other surface wind conditions or for other shelier and
ventilation designs; refinement in dose estimating techniques and exten-
sion to other wind structures, other fallout models, or multiple deto=
nations. _—
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APPENDIX A

METHOD OF ESTIMATING INGRESS DOSE

Fallout doses vare calculated by selecting a suitable standard inten-
sity for a given yield and determining the corresponding mid-range par-
ticle size from Fig. 3 of Reference 6. From Fig. L4 of Reference 6, the
dowmrind distance for this mid-range particle size was .determined. The
dowmiind distance divided by the wind speed (15 mph) gave an approximate
mean time of fallout arrival for this location and yield, which was used
to determine the dose rate multiplier (DRM) from an enlarged version of
Fig. E.Z of Reference 4. The DRM is the ratio of dose (from a given time
to 10% hours) to the standard intensity, based on decay. The standard
intensity multiplied by the DRM gave the dose for the specified conditions.
This doge is referred to as the "outside dose" with reference to a shel-

ter in this report.
To calculate the ingress dose let

= standard intensity outside r/hr at 1 hr

ro
M = mass contour ratio g/fte/ro

Then the fallout mass per unlt area is
r M g/ £42

and the total mass penetrating the shelter intakes is

r MK . : &
where K is the total penetration ratio in g penetration/g/ft2 of fallout
deposit for the particle size mid-range corresponding to r,. Assuming
that the total mass penetrating the intakes is deposited uniformly over

the shelter living area floor, the penetrating mass per unit area in the
shelter is then

2
r MK/1200 g/t
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for a shelter area of 1200 P, Assuming that there has been no signifi-
cent particle size shift which would change the mass contour ratio, the
standard intensity in an extended field for the unit area deposit found
for the shelter would be

rOMK/l2OOM or r oK/J.zoo r/hr at 1 hr.

The ratio of the intensity 3 ft above the center of a 1200 £t2 eir-
cular ares to the intensity 3 ft above an infinite plane, both uniformly
contaminated with the seme mads (activity) per unit area, is 0.3L40.

(The use of a circular area equal to the rectangular area of the shelter
floor results in no slgnificant difference in dose estimates for the
size of area considered.)

This ratio was taken from Fig. A.1¥ which was based on equations
given in Appendix A of Reference T for photon energies of 0.5, 1,0 and
2.0 Mev. 1In this range of energles there was no significant difference
in the values obtained and the curve presented is for l 0 Mev.

let ry = the standard intensity inside the shelter due to ingress
deposit, then

= 0.340 r_ K/1200 r/hr at 1 hr
= 0.283 ¥ 20°3 K r_

1

Since we are primarily interested in dose and the same DRM applies
inside and outside on the assumption of instantaneous intake and deposit,
then dose may be substituted for intensity and .

Dp = 0.u85 x PR I, r {h.1)
and -3
DI/DO = 0,283 x 1077 K (A.2)

¥orivate comminication from H. R. Rinnert of NRDL.
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NON-INGESTED DOSE ASSOCIATED WITH BPARTICUIATE INGRESS INTO
A PROTOTYPE SHELTER VIA THE VENTIJATION SYSTEM

by M. M. Bigger, R. J. Crew and R. XK. Fuller

SPECIAL SUMMARY (Pages A-D, inclusive; for OCD use as detached document)

PROBLEM

Fallout carried into a shelter via the shelter ventilation system
becomes one of several sources of shelter radiation dose. Estimates of
these doses are required to assess the hazard and thus determine require-
ments for ventilation countermeasures. Countemeasu.re specifications
must then be developed to meet these requirements.

Particle transport into a shelter via a ventilation system is a func-
tion of particle physical characteristics-slze, specific gravity, and
shape; and ventilation system characteristics-air volume rate, air velow
cities, and air path. The resulting dose is a function of time cf expo-
sure, ‘the mass and dispcsition of the particles in the shelter, and

fallout rediological characteristics such as specific activity and decay.

Relationships between particle characteristics and ventilation system
characteristics are needed to estimate ingress doses for various fallout
situations, defined in terms of perticle characteristics and shelter
ventilation characteristics. Estimated ingress doses can then be com-
pared to an acceptable ingress dose to determine if ventilation counter-
measures are needed; and 1f needed to provide a basis for countermeasure
specifications.

BACKGROUND

Shelter ingress tests were first conducted at Operation PLUMBBOB on
a buried shelter which was ventilated at a rate of 600 efm. Air was
drawn from a low velocity ramp-type entrance tunnel through two mushroom
type intakes at the sides of the shelter door. From the results after
two shots it was estimated that no inhalation hazard would have exiasted
in the shelter and that the external dose due to ingress activity would
have been on the order of the dose due to gamma penetration from fallout



domosited over the shelter., It was coneluded that no filter would have

been necessury but that the results were not generalized enough to
extrapolate to other fallout conditions.

In 1959 a prototype 100-man underground shelter of the type used at
Operation PIAMBROB was constructed at Camp Parks, California. A 1500 cfm
ventilation system using "absolute" filters was installed. The ventila-
tion fon and filters were located at the shelter door, in a landing area
at the fuub of an enclosed stairway. Air entered through mushroom type
intakes, one on cach side of the ground level door. The tests reported
herein wernr conducted on this shelter and ventilation syatem.

At the conclusion of the prototype 100-man shelter ventilation in-
greass tests preparations were made for "ingress testing at Shot Small Boy
under actwal fellout conditions. These tests were designed to determine
particulate penetration of simple hooded intakes as a cross function of
perticle size and intake face velocity at flow rates sultable for a
famlly type shelter.  No such cross function could be derived from the
data; the principal results were that the activity collected by the .
hooded intakes at three dowrwind locations was 25 percent or less of the
activity collected by an open (unhooded) inteke at the same location.
Mfty percent or more of each hooded intake activity was associated with
rarticles smaller than bl microns in dlameter and negligible amourits were

asgoclated with particles larger than 150 .or 300 microns.

~ OBJECTIVES

(a) To determine particulate peneﬁration into and distribution in the
USNRDL experimental shelter as a function of particle size due to opera=-
tion of the ventilation aystem without filters. -

(b) To estimate the dose in the shelter living ares as & function of
particle gize due to particulate deposition.

SCOFE

This report includes the experimental results obtaihed from the pro-
totype shelter ventilation ingress tests and a curve derived therefrom
of particulate penetration as a function of particle size assuming that
punetralion s directly proportional to outside fmllout deposit mess.
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Shot Small Boy dats was adjustad in tho rotie of shelier 4o Shot
Small Boy test flow rates and prototype shelter and Small Boy penetration
curves compared. No adjustment for differences in face velocities was
made a5 no proportionality is known.

Ingress doses were estimated for the prototype shelter based on the
penetration curve derived from the test date and a fallout model which
gives standard intensity as a function of particle slze,

These ingress dose estimates are limited to the prototype shelter
under the conditions for which experimenteal date were obteined and to
predicted fallout conditions along the "hot line" at locations downwind
from a single “nuclear detonation of various' yields of 100 percent fission
weapons. A 15 mph wind at all altitudes is assumed in application of the
fallout model. )

APPROACH

Deposition ¢f Several narrow size ranges of particles within the
shelter and outside the shelter in the vicinity of the air intake fit-
tings was determined experimentelly for & zero wind condition. From
these data e relation of total penetration to mass deposited per unit
area outside was determined for each particle size range. A curve was
drawn for these penetration factors as a function of particle size and
compared to several curves derived from the appropriate deta obtalned
at 8hot Small Boy.

Ingress .doses were calculated from penetration factors for a 'worst
case". For this purpose. it was assumed that all of the fallout penetrat-
ing the ventilation intakes was deposited in the shelter living ares,
though there is evidenve that as little as 50 percent may reach the liv-
ing area, the remainder belng deposited on the steps and landing of the
entrance, To provide a means of determining particle sizes of importance
to the shelter ventilation ingress prohlem the ingress dose estimates
are presented graphically as & function of mid-range particle size (if
d]_ and ds = largest and smallest particle asize respectively, then

+ dp/2 = midvange particle size)., For any given lower limit of signi-
fi‘.ant ingress dose the corresponding mid-range particle sizes can be
determined from these curves. Fallout model mid-range particle sizes are
presented as & function of particle size half-range %defined as (d;-dp)/2)
so that for the mid-range particle sizes determined as described above,
the full range of particle sizes of significance to the ingress problem
can be determined.,




FINDINGS
The experimental results indicated that particle penetration by the
largest size range (500-~700 microns) appeared to be due principally to
bounce-in rather than entrainment by the alr stream. Otherwise penetra-
tion of intekes is an inverse function of particle size and a straight
line was the best fit to & log-log plot of the data. Relatively good
agreement was found with the small amount of applicable Shot Small Boy -

~ data. )

The maximum estimated ingress dose was 11.8 r at 167 miles downwind
from a 100,000 KT detonationn%:l.f 100 % fission was essumed). For a
given acceptable ingress dose or the lower limit of significant ingress
dose the curves pregented can be used to determine the particle sizes of
importance, ‘ ' '

CONCLUSION

If ingx;’éas dose estimates are needed for ventilation or fallout
conditions ¢ther than those co_nsidered then this report may be useful as
a basis for/ planning and improving experimental and estimating techniquea.




045946 1

END CHANGE PAGES



